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A FLIGHT INVESTIGATION OF THE EFFECT OF MASS DISTRIBUTION AND 
CONTROL SETTING ON THE SPINNING OF THE XN2Y-1 AIRPLANE 

By N. F. Sctodbr 



SUMMARY 

The investigation of the effect of mass distribution on 
the spinning of airplanes initiated with the tests on the 
NY-1 airplane has been continued by tests on another 
airplane in order to increase the scope of the information 
and to observe particularly the behavior of an airplane 
that shows considerable change in sideslip angle for its 
various conditions of spinning. 

The XN2Y-1 naval training biplane was used for the 
present tests in which changes of ballast along the longi- 
tudinal and lateral axes and changes of aileron, stabilizer, 
and elevator settings were made. The effects of these 
changes on the steady spin were measured inflight. 

The effects of varied mass distribution and control 
setting were found to be in agreement with the results found 
with the NY-1 airplane except for the cases in which 
changes in sideslip occurred with the changes in the other 
parameters of the spin. Satisfactory qualitative agree- 
ment between these tests and the theory developed in the 
analysis of the NY-1 spin, extended to include the effects 
of sideslip on equilibrium, was obtained when reasonable 
assumptions as to the aerodynamic properties of the 
airplane were made. 

The effect of a large amount of ballast placed on the 
wing struts (not tested with NY-1) was to increase the 
angle of attack, rate of rotation, and inward sideslip. 
These effects were in agreement with the theory developed 
for the NY-1 airplane. No dangerous features of the 
recovery developed during the tests. 

INTRODUCTION 

The question of safety in the spinning of airplanes 
continues to be a matter of great importance to design- 
ers and users of airplanes. Various methods of esti- 
mating the probable spinning properties of an airplane 
using wind-tunnel tests or computations employing 
the dimensions of the airplane have been devised, but 
at present no effective method for predicting the 
spmning properties of an airplane exists. Further 
flight and wind-tunnel testing is, therefore, being 
conducted by the NA..C.A. to determine the design 
characteristics necessary to diminish or eliminate the 
danger associated with the spinning of airplanes. 

The investigation of the effects of mass distribution 
on spinning made by the Committee (reference 1) has 



been continued with another airplane to get further 
information on this subject. The first tests, in which 
the NY-1 airplane was used, did not bring to light the 
effect of sideslip on spinning equilibrium and further 
tests that would indicate the generality of the con- 
clusions already obtained were desired. 

The present paper is a report of flight tests made on 
the XN2Y-1 airplane in which mass distribution along 
both the longitudinal and lateral axes was varied and 
the control surfaces were deflected in various ways. 
Wind-tunnel measurements of the aerodynamic prop- 
erties of this airplane have not yet been made, but a 
model is under construction in preparation for tests on 
the N.A.C.A. spinning balance. The tests reported 
herein were made during the year 1931. 

APPARATUS AND METHOD 

The airplane used for these tests was a naval training 
biplane powered with a 7-cylinder Warner 110-horse- 
power engine. Ballast containers were fitted at the 
center of gravity, under the engine mount, in the tail 
of the fuselage, and at the outer interplane struts. 
With the exception of the one under the engine mount, 
all ballast containers were located on an airplane axis, 
or so close to one that the distance to the axis could be 
neglected in computations of moments of inertia of the 
ballast. All but the container at the center of gravity 
were provided with means of dumping the ballast 
carried in them by operation of a lever in the pilot's 
cockpit. It was never necessary, however, to release 
the ballast during the tests. The containers at the 
wing struts were conveniently made of heavy canvas; 
the others were made of metal. The line drawing 
(fig. 1) shows the dimensions of the airplane and the 
positions of the ballast containers. 

The initial moments of inertia of the airplane with 
its test equipment installed were obtained by means of 
swinging tests as described in reference 2. 

The rigging and external dimensions of the airplane 
were not changed during the period of the tests. The 
effect of control setting on the steady spins was 
obtained for ailerons deflected with and against the 
spin, elevator up and down, and stabilizer full up and 
full down. 
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The quantities necessary for a complete determina- 
tion of the motion of the airplane were measured with 
an instrument installation essentially the same as that 
described in reference 3, consisting principally of three 
electrically driven gyroscopic angular-velocity record- 
ers, a three-component accelerometer, a sensitive alti- 
meter, and a timer. The accelerometer was placed as 
close to the center of gravity as possible and the read- 
ings were corrected to the center of gravity. For these 
tests the accelerometer was housed in an insulated box 
that was held at a constant temperature by a thermo- 
statically controlled electric heater. Control of the 
operating temperature of this instrument eliminated 
temperature-effect errors and' obviated the necessity 



PRECISION 

The precision of the instrumental measurements was 
equivalent to that stated in reference 1. There were 
probably fewer cases of error due to faulty operation 
of the angular-velocity recorders in these than in pre- 
vious tests because of frequent checks on the speed 
of the gyroscopes. 

The limits of error of the fundamental measurements 
may be summarized as follows: Angular velocity, ± 3 
percent for each component; acceleration, ±0.05 g; 
interval of altitude, ±3 percent; time, ±3 percent; 
weight, ± 1 percent; moments of inertia, ±2.5 percent, 
±1.3 percent, and ±0.8 percent for A, B, and 0, 
respectively. 



Moment 
of iner- 
tia of 
propel- 
ler: Z£0 
slug ft? 




Control deflection^: 
Ailerons up . . 25* 
down. 15° 
Rudder . .:. . ±41° 
Elevator up . . 25° 30' 
down . 29° 30' 
Fin offset ... _ 3° 25" 



Dimensions : 

Span 28 ft. 

Chord 45in. 

Stagger 22- 

Gap 'at center 54 « 

Incidence, upper wing .... 0" 

lower » 1° 

Dihedral, upper ■■ 0° 

lower » ..... 4° 

Areas : 

Upper wing 99.70 sq.ft. 

Lower ■ (inc. ailerons) 104.10 . « 
Total area of wings . . 203.80 . . 
Ailerons 2 aft of hinge,17.70 . n 

Stabilizer 13.15 . . 

Elevator 9.58 . . 

Rudder 8.11 . . 

Tin 1.G2 . « 




'•26x5 Tire 



r. /6% e " s. SJZ" a 3.03' 



a. Ballast containers, a Clark Y 15% thick, e. Base line. m. £ Hinge. 
Fiooke 1. — Line drawing and general dimensions of the XN2Y-1 airplane. 



for frequent changes of the damping oil with changes 
of air temperature. Special precautions were also 
observed to insure precision of the angular-velocity 
records. The cover of each angular-velocity recorder 
was provided with a window through which the gyro- 
scope rotor could be seen, so that the speed of the 
gyroscope could be checked at the end of each flight 
by means of a portable stroboscope, for the purpose of 
detecting changes in calibration. 

The method of making the flight tests and computing 
the results was the same as that described in reference 
3. The mean altitude for the spin records was 3,000 
feet and the standard-atmosphere density of 0.002176 
slug per cubic foot for this altitude was used in com- 
puting all the coefficients. 



RESULTS 

Before presenting the results of the tests, a list of 
the symbols appearing in the text or tables that are 
not sufficiently denned on the covers of the report is 
given with definitions. A more extensive table of 
symbols and definitions may be found in the appendix 
of reference 3. 

X", Y", Z", forces along ground axes. 
p, 2, r, components of angular velocity about air- 
plane axes (based on the thrust line), 
ax; angle of attack referred to airplane X axis 

(principal X axis for practical purposes). 
p, angle of sideslip (positive for outward sideslip, 
left spin; negative for outward sideslip, right 
spin). 
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. spin coefficient (Q, resultant angular ve- 

2V locity). 
A, B, C, moments of inertia about the principal 
axes. 

q = M The symbol C m as used here may be 
m g b S converted, to the usual form by 

multiplying by the span-chord ratio, 

which is 7.47. 
The data are presented completely in numerical form 
in tables I, H, and HL Table I gives the results 
measured with instruments, table LT gives the condition 
of the airplane at the time of the spin, and table III 
gives the results computed from records. Pitching 
moments about the initial center-of-gravity position 
were used in computing all pitching-moment coeffi- 
cients. This method required adding the moment of 
ballast (taking effect of accelerations into account) to 
the gyroscopic moment of the airplane for the cases in 
which tail-heavy conditions of loading were used. 
The center-of-gravity position is given as percentage 
mean chord in table II. This mean chord was taken 
as the chord in the plane of symmetry midway between 
the upper and lower wing roots measured along the line 
connecting one-third chord points, with leading and 
trailing ends on lines joining the corresponding edges 
of the upper and lower wings, and having an incidence 
midway between that of the upper and lower wings. 

DISCUSSION OF RESULTS 



EFFECT OF INCREASE OF WING LOADING 



Ballast condition 


Test no. 


1 

W 

S 


a 


a 

I 


P> 


y 


V 


Ra- 
dius 


No ballast, left 

spin. 
Ballast ate;., left 

spin. 
No ballast, right 

spin. 
Ballast at e.g., 

right spin. 


38,40,41... 
43, 44, 45... 
118, 120, 121. 
122, 124, 126. 


Lb.l 
7.69 
8.85 
7.69 
8.86 


Rad.1 

KC 

3.05 
3. 16 
4.10 
4.22 


o 

53.6 
63.7 
60.2 
68.8 


O 

-4.1 
1.3 
13.4 
1Z6 


o 

-84.6 
-84.4 
-86.1 
-86.3 


FUuc 
78.4 

-81.0 

64.2 

7L8 


FL 
2.8 

2.6 

LO 

1.1 



' Note that positive p for right spin Is Inward sideslip, as Is negative p for left spin 



For the left spins the linear velocity varied as the 
square root of the wing loading, but for the right spins 
the variation of linear velocity was greater. The addi- 
tional increase of linear velocity in the latter case was 
probably caused by the decrease of drag as a result of 
decreased angle of attack. Increase of wing loading 
caused an increase in the rate of rotation, but not as 
much increase as was noted for similar tests on the 
NY-1. The other changes were slight. 

The right spins differ from the left spins considerably, 
both in respect to the magnitudes of the parameters 
and the relative changes resulting from the increase of 
wing loading. These differences between right and 
left spins are evidently due to dissymmetry of the air- 
plane, because the motor was stopped for all tests. 
One item of dissymmetry common to airplanes was 



shown to be of considerable importance on the subject 
airplane; namely, fin offset. Placing the fin parallel 
to the plane of symmetry eliminated most of the differ- 
ences in the characteristics of the right and left spins. 
This result was obtained subsequent to the spin tests 
given in this report by repeated trials with the fin 
neutral and offset various amounts! The remainder 
of the dissymmetry may be attributed to rigging and 
irregularity of airfoil section. The rigging and airfoil 
sections were measured very carefully, and small dif- 
ferences were found, but these could not be more than 
partially corrected without rebuilding the airplane in 
accurate jigs. 



EFFECT OF MOVING BALLAST FROM THE CENTER 
OF GRAVITY TO THE NOSE AND THE TAIL 



Ballast condition 


Test no. 


O 


a. 

X 


0 


T 


V 


Radi- 
us 






RaiL/stc- 


0 


o 


o 


FL/iCc 


FL 


Ballast at cj., left 


43, 44, 46.. 


3.16 


63.7 


1.3 


-84.4 


84.6 


2.6 


spin. 
















Ballast at nose and 


61, 52, 64.. 


2.78 


50-0 


.3 


-83.0 


87.2 


3.8 


tall, laft spin. 

















Change of the amount of ballast shown in table U 
from the center of gravity to the nose and the tail with 
no shift of mass centroid caused a decrease of angle of 
attack, a decrease in rate of rotation, slight change in 
sideslip, and a decrease in glide-path angle. These 
results are the same as the results of the corresponding 
tests with the NY-1 airplane. 



EFFECT OF MOVING BALLAST FROM THE CENTER 
OF GRAVITY TO THE WING STRUTS 



Ballast condition 


Test no. 


O 


a 

X 


P 


7 


V 


Radi- 
os 






Badjsee 


0 


O 


o 


FUste 
84.6 


FL 


All ballast at eg., 


43,44,46— 


3.16 


63.7 


1.3 


-84.4 


2.6 


left spin. 
















Ballast at eg. and 


56,67,68— 


3.30 


5L6 


L7 


-86.4 


87.9 


2.5 


wing holders H 














full, left spin. 
















Ballast at eg. and 


60, 6L 62... 


3.22 


52.4 


L6 


-84.3 


83.2 


2.6 


wing holders H 














full, left spin. 
















Ballast at eg. and 


82,84,86— 


4.42 


63.6 


-7.5 


-87.4 


67.1 


.7 


wing holders full, 














left spin. 

















The result of transferring a large amount of ballast 
to the wing struts of this airplane was an increase in the 
equlibrium angle of attack, an increase in the rate of 
rotation, and a decrease in the radius and vertical veloc- 
ity. For less than the maximum amount of ballast 
added, the changes in the equiUbrium conditions of the 
spin were small and not proportional to the amount of 
ballast moved to the wing tips. Thus, the first incre- 
ment of ballast change caused a decrease in angle of 
attack and very little change in the other parameters 
of the spin equilibrium. The mechanism of this 
behavior will probably be better understood when data 
showing the aerodynamic properties of the airplane in 
a spin have been obtained from wind-tunnel measure- 
ments. The results for the subsequent additions of 
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ballast were in agreement with the predictions of the 
theory. 

It is important to note that these additions of 
ballast at the wing tips did not introduce any danger- 
ous changes in the nature of the recoveries. Recovery 
was observed to be slower for the spins characterized 
by high angle of attack and high rate of rotation, but 
no tendency for the controls to become ineffective was 
observed. No systematic tests arranged to show as 
closely as possible the effect of mass distribution on 
the ease of recovery were made; the foregoing state- 
ment was based on the observations made by the pilots 
during the spins required to make the records. 



EFFECT OF MOVING BALLAST FROM CENTER OF 
GRAVITY TO TAIL 



Ballast condition 


Test no. 


a 




0 


r 


V 


Eadl- 
us 


Ballast at cg^ left 

spin. 
Ballast at eg. and 

tan, left spin. 


43,44,45— 


Ra&Jtec 
3. 16 


O 

63.7 


© 

1.3 


0 

-84.4 


FVjuc 
84.6 


Ft 
2.6 


88,89,90— 


3.12 


63.6 


-9.3 


-84.9 


76.8 


2.1 



Moving ballast from the center of gravity to the 
tail caused a very slight decrease in rate of rotation 
and slight increase in radius, but the most important 
changes were increases of angle of attack and angle of 
inward sideslip. The tests with the NY-1 airplane 
and the theory based on the NY-1 model tests indicate 
that, in the absence of changes of sideslip angles, the 
angle of attack should have decreased if it changed 
at all. 

A further study of these results making use of curves 
derived from the NY-1 model tests leads to an inter- 
esting conclusion regarding the yawing moments of the 
wing cellule. As regards the effect of sideslip on gyro- 
scopic yawing moments, the observed change in side- 
slip between the two conditions of mass distribution 
would be expected to result in a decrease in the angle 
of attack for equihbrium. likewise, the change made 
in (O-A) by placing ballast in the tail would lead to a 
decreased equilibrium angle of attack. On the other 
hand, the loss of damping yawing moment of the tail 
accompanying the observed change in sideslip would 
be expected to require an increase in the angle of 
attack for the equuibrium. The net effect would be 
expected to be little, if any, change in angle of attack 
instead of the increase as was actually observed. It 
seems probable, therefore, that the wing yawing mo- 
ments tending to assist the spin increased, the increase 
corresponding to an increase in coefficient of about 
0.01. 

The results of these tests illustrate an example of 
changes in the relative values of the parameters of the 
pitching-moment equilibrium not previously encoun- 
tered in this investigation. An inspection of the simple 
equation for pitching-moment equilibrium 



- (C-A) & ^~^M 

shows several possibilities when (O-A) is changed. In 
the absence of sideslip changes, previous studies have 
shown definitely that pitching-moment equilibrium is 
reestablished after an increase in (O-A) by decrease of 
angular velocity and only slight change in angle of 
attack. The absence of change of angle of attack 
without change in angle of sideslip eliminates the 
possibility of large change of wing yawing moment, so 
that the prediction of the consequences of a change in 
(O-A) may be made with considerable certainty. 
The effect of changing (O-A) by moving ballast to the 
nose and tail with the XN2Y-1 airplane was in agree- 
ment with such a prediction. When sideslip is intro- 
duced as a factor in establishing the new equilibrum, 
considerable changes in yawing-moment equilibrium 
may be produced, as evidently occurred in the tests 
with ballast at the tail. In this case, pitching-moment 
equuibrium was reestablished by a slight decrease of 
angular velocity and a considerable change in aero- 
dynamic pitehing moment resulting from the increase 
of angle of attack required for equilibrium of all 
momenta. 



EFFECT OF MOVING BALLAST FROM CENTER OF 
GRAVITY TO WINGS AND TAIL 



Ballast condition 


Test no. 


Q 


"x 


P 


y 


V 


Radi- 
us 


Ballast at eg., left 
spin. 

Ballast at cg^ wings, 
and tan, left spin. 


43,44,45— 
77,78,79 


Rad.ltec 
3.16 

3.88 


O 

63.7 
70.1 


0 

L3 
-8.8 


o 

-84.4 

-86.6 


Ftjstc. 
84.6 

67.6 


Ft. 
2.0 

.04 



The changes in the spin equuibrium resulting from 
transfer of ballast from the center of gravity to the 
wing tips and the tail are about what would be ex- 
pected after inspecting the results of the tests made 
with each of the two ballast changes separately. The 
angle of attack increased to the largest value yet 
measured and the sideslip increased in the inward 
sense. The decreases in linear velocity and radius of 
spin were relatively large. 



EFFECT OF DISPLACEMENTS OF STABILIZER, 
ELEVATOR, AND AILERONS 



Control-surface 
positions 


Test no. 


Q 


"x 


t> 


y 


V 


Ra- 
dius 






RatLltec 


O 


O 


o 


Ft./iee. 


Ft. 


Normal 1 — — 


38,40,41. 


3.06 


63.6 


-4.1 


-84.6 


78.4 


28 


Stabfllzer, leading edge 


102, 103, 104. 


3.96 


62.7 


-12 6 


-86.0 


66.8 


1.2 


Stabniier, leading edge 


9S.101 


3.76 


60.3 


-10.1 


-86.6 


66.4 


1.4 


down. 
















Elevator down. 


111,112,113. 


3.70 


63.2 


-.6 


-84.1 


60.4 


1.9 


Ailerons with spin. 


106, 106, 107. 


3.66 


67.3 


-1L0 


-84.9 


63. 1 


1.7 


Ailerons against spin- 


108, 109, 110. 


4.02 


65.7 


-9.4 


-86.7 


06.9 


.96 



i Anerons neutral, elevator fuU up, rudder hard over (left). Subsequent entries 
in this column give details In which the control setting deviated from the normal 
setting. AH deflections were to the limit of fuU travel. 
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Comparison, of the values of angle of attack ob- 
tained with the stabilizer neutral, up, and down shows 
unexpected relations until the effect of the changes of 
sideslip are considered. Since the values of sideslip 
for the two sets of tests with stabilizer up and down 
were respectively 8° and 6° greater in the inward sense 
than for the tests with the stabilizer neutral, it may 
be seen from the theory given in reference 4 that the 
angle of attack should be greater for the former two 
tests than for the latter, although it would be expected 
that the angle of attack for stabilizer neutral would 
fall between the values for stabilizer up and stabilizer 
down in the absence of changes of angle of sideslip. 
Further consideration of the results shows also that 
the effect of moving the stabilizer from up to down 
had, comparatively, a small effect on the spin, and 
that this effect was in agreement with the theory 
relating to the effect of pitching moment on the spin- 
ning equilibrium. 

Moving the elevator down caused the expected in- 
crease in rate of rotation, but the change in angle of 
attack was negligible. The change in angle of side- 
slip was from —4.1° to —0.6°, an increase in the out- 
ward sense, which would of itself cause a decrease of 
angle of attack and therefore offset the increase of 
angle of attack required by the theory when the ele- 
vator is moved down and sideslip angle does not 
change. 

Comparison of the test results for ailerons neutral 
and with and ag ains t the spin shows greater angle of 
attack and greater inward sideslip for ailerons deflected 
either way from neutral. The increase of angle of 
attack for both deflections was evidently associated 
with the increase of inward sideslip, but the increase 
of inward sideslip for both deflections is not readily 
explained from the present knowledge of the problem. 
Further wind-tunnel tests may lead to an understand- 
ing of this result. 

Comparison of the tests of ailerons with the spin 
and against the spin shows the angle of attack to be 
less and angle of sideslip greater inward for ailerons 
with the spin. Force tests at angles of attack in the 
spinning range (reference 5) indicate that aileron de- 
flection with the spin would increase both the lift and 
drag of the outer tip. The changes of forces on the 
inner tip as a result of changes of aileron setting would 
be inappreciable because the angle of attack of the 
inner wing tip in these tests was very close to 90°. 
Such a change in the forces on the wings would require 
an increase of inward sideslip for rolling-moment equi- 
librium, but the increase in drag at the outer tip 
would cause the increase in angle of attack for simul- 
taneous yawing-moment and pitching-moment equi- 
librium to be less than would have been the case in 
its absence. Deflection of the ailerons against the 
spin would produce opposite moments and changes in 
the spin. Although the values of the spin parameters 



for ailerons neutral did not he between the values for 
ailerons with and ailerons against the spin, it is seen 
that the tests for ailerons with the spin and against 
the spin taken alone give results in agreement with 
the theory. 

These ailerons produced much less pronounced 
changes in the spin than were produced in the case of 
the NT-1 airplane. The differences of aileron arrange- 
ment and deflection for the two airplanes is such that 
the difference in effects would be expected. 

FURTHER INVESTIGATIONS 

The model tests already planned for this airplane 
on the spinning balance will be of particular value in 
clarifying the understanding of the results reported 
herein, especially such questions as why the addition 
of ballast at the struts did not make an important 
difference until it had all been added, why the values 
for ailerons neutral did not fall between those for 
ailerons deflected each way, and whether the change 
of wing yawing moment anticipated as a result of 
the flight tests with ballast at the tail is due to the 
change of angle of attack or to the change of angle of 
sideslip. The flight tests give information only about 
the conditions that actually produce equihbrium; the 
wind-tunnel tests should,- in addition, give the con- 
ditions that prevent the existence of equihbrium at 
other values of the parameters involved. This latter 
information will be equally valuable to a complete 
knowledge of the subject. 

The subject of yawing moments of the wing cellule 
as a function of angles of attack and sideslip holds a 
very important position in the studies leading to 
methods of predicting the design characteristics of 
airplanes that lead to danger in spinning. It is 
necessary that more information be obtained for 
ordinary wing-cellule arrangements and that design 
characteristics be sought which will produce the mini- 
mum of undesirable wing yawing moment. 

CONCLUSIONS 

The following conclusions are directly comparable 
with the conclusions drawn from similar tests con- 
ducted on the NT-1 airplane, with the exception of 
the first three items, which pertain to effects that were 
not investigated in the previous case. In many in- 
stances, the conclusions drawn from the NT-1 tests 
are substantiated herein, but as regards items 4 and 5, 
there is disagreement. This disagreement indicates 
the importance of sideslip in the spinning equihbrium, 
for in the tests to which these conclusions pertain 
there was a variation in sideslip of considerable mag- 
nitude, whereas with the NT-1 airplane, there was 
little or no variation in sideslip angle. 

1. The result of moving a large amount of ballast 
from the center of gravity to the wing tips without 
change of mass centroid was a large increase in angle 
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of attack and rate of rotation, and a considerable 
diminution in the radius of the spin. 

2. The effect of moving the ballast from the 
center of gravity simultaneously to the wing struts 
and tail is to produce changes of the same sense as 
would be obtained by adding the effects obtained for 
the two changes made separately, although the nu- 
merical magnitudes of the changes to the parameters of 
the spin were not as great as the sum of the effects for 
the changes made separately. 

3. The results of these tests are in agreement with 
the prediction of the theory applied to the NY-1 tests 
when the theory is extended to include qualitatively 
the effects of sideslip. 

4. The effect of moving the center of gravity aft by 
moving the ballast from the center of gravity to the 
tail was an increase in angle of attack and in inward 
sideslip. 

5. When ailerons or stabilizer were deflected both 
ways from neutral, the values of the parameters for 
the resulting spins did not fall on both sides of the 
corresponding values for the normal spin, but instead 
were either greater or smaller than the corresponding 
normal spin values for both senses of control deflec- 
tion. This behavior is associated with observed 
changes in angle of sideslip. 

6. linear velocity and angular velocity increase with 
wing loading. If no change in angle of attack and no 
large change of angle of sideslip occurs, the linear 
velocity varies as the square root of the wing loading. 

7. The changes in the spin parameters produced by 
moving ballast from the center of gravity to the nose 
and tail with no change of mass centroid were decrease 
in rate of rotation, decrease in angle of attack, de- 
crease in glide-path angle, and a slight change in 
sideslip angle. 

8. Change of elevator deflection from up to down 
caused an increase in rate of rotation and a change of 
sideslip in the outward sense, but no change in angle 
of attack. 

9. Change of stabilizer setting from leading edge full 
up to full down had very little effect on the spin. The 
sense of the changes was the same as for elevator 
deflections causing the same changes of pitching 
moment of the tail. 

10. Spins with aileron set with the spin as compared 
with spins with aileron against the spin are charac- 
terized by smaller rate of rotation and angle of attack 
and almost the same but slightly greater angle of 
inward sideslip. 

11. This and previous investigations of the effect of 
mass distribution on the steady spin indicate that 
even large changes in mass distribution along the 
longitudinal and lateral axes do not cause airplanes 
having satisfactory aerodynamic characteristics at 
spinning angles of attack to spin dangerously. Large 
changes in the parameters of the spin may be caused, 
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but no noticeably dangerous features of the spin 
develop. 



Langlbt Memorial Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va., January 10, 19S/ h 
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TABLE I.— INSTRUMENT DATA 



Test 


Angular velocity readings 


Aocel2rometer readings 
corrected to eg. 


Verti- 
cal 
vcloo- 


no.' 


tvil J ./5DC 


P ./I teas, 

ii.ui /sec. 


r 

Rad ./soc 


X_ 
mg 


mg 


mg 


BOO. 


3SL 
40L 
41L 


-1.85 
-L70 
-L68 


0.536 
.492 
.338 


-2.62 
-2.49 
-2.37 


-a 0510 
-.0300 
-.0445 


-0.0078 
-.0142 
-.0003 


1.31 
1.31 
1.31 


75.8 
73.9 
75.1 


43L 
44L 


-1.73 
-L87 
-L89 


.285 
.231 
.146 


-2.65 
-2.56 
-2.48 


-.0759 
-.0616 
-.0347 


.0393 
-.0034 
.0340 


L26 
L2S 
1.31 


S3. 2 
70 9 
SO. 8 


ML 
82L 
ML 


-L75 
-L78 
-L72 


.201 
.383 
.330 


-1.97 
-2. 19 
-2.27 


-.0383 
—.0855 

-.osro 


.0093 
-.0147 
-.0166 


1.32 
1.36 
1.34 


S5.4 
S7.3 
S7.0 


58L 
S7L 
88L 


-2. 01 
-LOT 
-2.03 


.236 
.163 
.218 


-2.68 
-2.63 
-2.60 


-.0570 
-. 0578 
-.0777 


.0138 
.0118 
.0215 


1.29 
1.26 
1.24 


S0.2 
B4.6 
92.1 


60L 
61L 
62L 


-L96 
-L40 
-L94 


.218 
.103 
.302 


-2.65 
-2.66 
-2.69 


-.0327 
-. 0810 
-.0398 


.0183 
.0192 
.00:0 


1.28 
1.29 
1.30 


88.8 
So.2 
81.4 


77L 
78L 
79L 


-L18 
-1.20 
-1.21 


.839 
.859 
.813 


-3.64 
—3.55 
-3.63 


—.253 
-.228 
-.225 


—. 0168 
—.0330 
-. 0132 


1.0S 
1. 10 
1. 10 


05.6 
69.2 
67.3 


82L 
84L 
86L 


-L47 
-1.63 
-1.48 


.723 
.767 
.767 


-3.81 
-4.29 
—4. 19 


.0239 
.0440 
.0297 


.0376 
.0371 
.0151 


1. 13 
1.12 
1. 11 


06.8 
66.7 
67.6 


SSL 
S9L 
80L 


-1.27 
-L24 
-1.32 


.783 
.808 
.707 


-2.76 
-2.82 
-2.66 


-.167 
-. 168 
-. 165 


-.0056 
-.0368 
-.0136 


1.12 
1.14 
L16 


74.9 
76.8 
74.7 


98L 
IDOL 
101L 


-L72 
-L78 
-L71 


.916 
.718 
.935 


-3.20 
-2.88 
-3.26 


.0133 
.0010 
.0250 


-.0270 
-.0143 
-.0167 


1.22 
1.23 
1. 18 


63.8 
70.4 
64.5 


102L 
103L 
101L 


-1.63 
-1.65 
-L61 


LOT 
LOS 
1.12 


-3.39 
-3.48 
—3.46 


.0162 
.0036 
.0073 


-.0320 
-.0107 
-.0192 


1.16 
1. 18 
1.20 


65.1 
65.0 
66.2 


105L 
IOJL 
107L 


-L74 
-L72 
-1.80 


.963 
.967 

.on 


—2.86 
— 2.97 
—2.98 


-.0031 
-.0019 
.0050 


-.0540 
-. 0308 
-.0586 


1.21 
1.23 
1.23 


70.9 
86.8 
68.7 


10SL 
109L 
110L 


-L60 
-1.63 
-L81 


.832 
.838 
.797 


—3.66 
—3.65 
—3.68 


.0143 
.0182 
.0161 


.0119 
.0271 
.0155 


1.16 
1.11 
LIO 


64.8 
06.5 
09.1 


111L 
112L 
113L 


-2.37 
-2.04 
-2.02 


.381 
.409 
.463 


-2.71 
-3. 16 
-3.07 


-. 0719 
-.0442 
-.0603 


.0276 
.0267 
.0314 


L34 
L21 
1.23 


69.2 
63.2 
65.6 


118R 
120R 
121R 


1.78 
1.82 
L87 


1.10 
L30 
L13 


3.40 
3.67 
3.47 


.0761 
.136 
.0394 


.0322 
.0281 
.0183 


1.19 
1.23 
L18 


66.4 
61.9 
04.7 


122R 
124R 

mn 


LB6 
2.04 
2.00 


L10 
1.27 
L12 


3.68 
3.65 
3.36 


.0626 
.0794 
.0817 


.0303 
.0311 
.0438 


L20 
L24 
L24 


78.8 
63.4 
69.7 



i L, left-hand spin; R, right-hand spin. 
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TABLE II.— PROPERTIES OF AIRPLANE 



Test 
no. 


Weight 
during 
spin, 
pounds 


Ballast, pounds 


Momenta! ellipsoid constants 


C.g. 
posi- 
tion, 
percent 
mean 
chord 


Control setting 


Front 


Off. 


Rear 


Wing 


A 


a 




T* - 


duty 

mug 
feet * 


DlUg 

feet 1 


Slug 
leet ' 


O 


38L 


1 673 


0 


0 


0 


0 


741 


919 


1,367 


0 


32. 2 


n or ixiiu f siuuiiixBr Uouixtii. 


40L 


L662 


0 


0 


0 


0 


741 


919 


1,367 


0 


32.2 


Do. 


41L 


1,668 


0 


0 


0 


0 


741 


919 


1,387 


0 


32.2 


Do. 


43L 


1,780 


0 


240 


0 


0 


743 


921 


1,367 


0 


32 6 


Do 


44L 


1,78a 


0 


240 


0 


0 


743 


921 


1,367 


0 


32.6 


Do! 


46L 


1,786 


0 


240 


0 


0 


743 


921 


1,367 


0 


32.6 


Do. 


6IL 


1,811 


192 


0 


48 


0 


760 


1,201 


1,639 


1.75 


82. 2 


Do 


ML 


1,811 


192 


0 


48 


0 


760 


1,201 


1, 639 


1. 75 


32.2 


Do! 


ML 


1,778 


192 


0 


48 


0 


760 


1,201 


1,639 


1.75 


32.2 


Db. 


66L 


1,788 


0 


174 


0 


66 


960 


921 


1,684 


0 


3L7 


Do 


fi7L 


1,806 


0 


174 


0 


66 


960 


921 


1,684 


0 


31.7 


Do! 


58L 


1,786 


0 


174 


0 


66 


960 


921 


1,684 


0 


3L7 


DO. 


OOL 


1,817 


0 


140 


0 


100 


1,066 


921 


1, 690 


0 


81. 8 


Do 


61L 


1,817 


0 


140 


0 


100 


1,066 


921 


1, 690 


0 


8L8 


Do! 


02L 


1,811 


0 


140 


0 


100 


1,086 


921 


1,690 


0 


3L8 


Do. 


77L 


1,799 


0 


68 


48 


134 


1,172 


1, 132 


2, 007 


0 


40.6 


Do 


78L 


1,799 


0 


63 


48 


134 


1,172 


1, 132 


2, 007 


0 


40.6 


Do! 


79L 


1,799 


0 


68 


48 


134 


1,172 


1, 132 


2,007 


0 


40.6 


Do. 


82L 


1,799 


0 


106 


0 


134 


1, 172 


921 


1,796 


0 


31.9 


Do 


ML 


1,799 


0 


106 


0 


134 


1, 172 


921 


1, 796 


0 


3L9 


Do! 


86L 


1,799 


0 


106 


0 


134 


1,172 


921 


1,796 


0 


3L9 


Do. 


88L 


1,799 


0 


192 


48 


0 


766 


1, 182 


1, 591 


0 


40. 2 


Do 


89L 


1,771 


0 


192 


48 


0 


766 


1, 182 


1, 591 


0 


4tt2 


Do! 


90L 


1.799 


0 


192 


48 


0 


766 


1, 182 


1,591 


o 


40.2 


Do. 


98L 


1, 646 


0 


0 


0 


0 


764 


919 


1, 380 


0 


82. 2 




100L 


1,640 


0 


0 


0 


0 


764 


919 


1,380 


0 


32.2 


Do. 


101L 


1,640 


o 


0 


0 


0 


764 


919 


1,380 


o 


32.2 


Do. 


102L 


1,682 


0 


0 


0 


0 


764 


919 


1,380 


0 


32. 2 


11 Ul 1IUU| DLULUUMU 11^* *J . 


103L 


1,687 


0 


0 


0 


0 


764 


919 


1,380 


0 


32.2 


Do. 


1CHL 


1,678 


o 


0 


o 


0 


764 


919 


*L3cO 




32.2 


Do. 


lOfiL 


1,540 


0 


0 


0 


0 


764 


919 


1, 3S0 


0 


32. 2 


AlHilUlla Willi o^tlllf 3UHU111XC1 llcllLlal. 


I06L 


1,662 


0 


0 


0 


0 


764 


919 


1,380 


0 


32.2 


Do. 


107L 


1,662 


0 


0 


0 


0 


754 


919 


1,380 


0 


32.2 


Do. 


103L 


1,664 


0 


0 


0 


0 


764 


919 


1,380 


0 


32 2 


A nnrrtn* no^iln*}" *r»Ir» atf>T\I1Iviar nnnf ral 
ajjiuvus ngauuk o LU-Uy awiLmnei iiduuui. 


109L 


1,670 


0 


0 


0 


0 


764 


919 


1,380 


0 


32.2 


Do. 


110L 


1,670 


0 


0 


0 


0 


764 


919 


1,380 


0 


32.2 


Do. 


111L 


1,690 


0 


0 


0 


0 


764 


919 


1,380 


0 


32.2 


Elevator down, stabfllier neutral. 


112L 


1,690 


0 


0 


0 


0 


764 


919 


1,380 


0 


32.2 


Do. 


113L 


1,690 


0 


0 


0 


0 


764 


919 


1,380 


0 


32.2 


Do. 


1I8R 


1,668 


0 


0 


0 


0 


744 


919 


1,370 


0 


32.2 


Normal, stabfllier neutral. 


120R 


1,664 


0 


0 


0 


0 


761 


926 


1,370 


0 


32.4 


Do. 


121R 


1,664 


0 


0 


0 


0 


761 


926 


1,870 


0 


32.4 


Do. 


122R 


1,798 


0 


240 


0 


0 


746 


921 


1.370 


0 


31.6 


Do. 


124R 


1,804 


0 


240 


0 


0 


746 


921 


1.370 


0 


31.6 


Do. 


125R 


1,804 


0 


240 


0 


0 


746 


921 


1,370 


0 


3L5 


Do. 



' Angle between X (body) axis and X r » r (principal) axis. 

> "Ailerons with spin" is aileron deflection such that in normal flight the airplane would be caused to roll in the direction of the rolling of the spin. 
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TABLE in— COMPUTED DATA 



Test no. 


0 


R 




"x 


P 


r 


V 


Radius 


A 








Ballast 
mo- 
ment 


c 


Cm 


C. 


3SL 
40L 
41L 


Radjstc 
3.17 
3.06 
2. S3 


(.m) 

L31 
1.31 
1.31 


(CTJ) 

L02 
LOS 
L04 


O 

62.6 
64.3 
53.7 


o 

-3.6 
— 3.0 
0 


o 

-83.6 
— 83.6 
-83.3 


Ftjstc 
76.3 
74.3 
75.6 


Ft. 
2.7 

2. 7 

3.0 


0.5S2 

. O/O 

.542 


Lb.-fl. 
-604.3 
j 

-35S.6 


Lb.-fL 
-2,814.7 

2, 665. 8 

-2,497.2 


Zi.-fl. 
-176.6 
149 J 

-10L1 


IAjt. 
0 

o 

0 


-a 0167 
— 0160 

-ioioi 


-a 0807 
— 0774 
-.0704 


-a 0049 
—.0044 
-.0020 


43L 
44L 
45L 


3.17 
3.18 
3.12 


L27 
L29 
1.31 


L01 
LOO 
LOO 


56.2 
53. 1 
52.1 


0 

0.8 
3.0 


-84.7 
— 84. 1 
-84.4 


83.6 
SO. 3 

flas 


2.4 

2. 6 

2.8 


.531 

KKA 

.484 


-356.6 
■"-320 0 
-16U0 


-2,848.8 

3^ 2 

-3,402.4 


-87.6 
Q 

-49.1 


0 

o 

0 


-.00708 

00798 

-'. 00310 


-.0666 
— 0866 
-.0674 


-.0017 
—.0014 
-.0010 


SIX, 
52L 
64L 


2.64 
2.84 
2.88 


1.32 
1.36 
LS4 


.82 
.88 
L01 


47.8 
60. 1 
62.0 


3.3 
— L 0 
-L2 


-82.3 
— 83. 2 
-83.6 


88.2 
88. 0 
87.6 


4.4 

0. / 

14 


.430 
453 
.'460 


-176.2 
2g7 4 

-378!6 


-3,066.3 
-3,474.0 


-16L0 
—306. 9 
-295.0 


0 

o 

0 


-.00382 
—.00765 
-.00796 


-.0686 
— . 0719 
-.0731 


-.0035 
—.0004 
-.0002 


56L 
57L 
SSL 


3.34 
3.22 
134 


L28 
L26 
L25 


.89 
.84 
.82 


52.4 
6L4 

eas 


L2 
2. 7 
L3 


-84.7 
— 84. 4 
-85.0 


88.6 
84. 9 
82.4 


2.4 

2. 6 

Z4 


.540 
.505 


-416.3 

272. 5 

-376.8 


-3,33ai 

3^ 6 

-3,372.4 


18.5 
12. 6 
17.7 


0 

o 

0 


-.00883 
—.00609 
-.00710 


-.0718 
—.0703 
-.0636 


.0004 
.0003 
.0003 


60L 
61L 
82L 


122 
3.18 
3.25 


1.28 
L28 
1.30 


.88 
.SO 
.98 


62.0 
62. 7 
52.6 


L6 
2.3 
.5 


-84.6 
— 84. 1 
-84.2 


87.2 
SO. 6 
8L8 


2.6 
2. 6 
2.6 


.616 
554 
!s65 


-426.8 
3gg_ 5 

-602.2 


-3, 102.8 
—3, 029. 4 
-3,128.0 


61.7 
64. 5 
84.9 


0 

o 

0 


-.00904 
— 00863 
-." 01448 


-.0667 
— 0761 
-.0753 


.0013 
,0014 
.0020 


77L 
78L 
79L 


3. S3 
3.84 
3.81 


Lll 
L 12 
L13 


.83 
.86 
.S6 


7a7 
69. 0 
69.7 


-8.0 
— 8. 1 
-8.2 


-86.7 
— 86. 8 
-85.7 


66.7 
69. 3 
67.6 


L3 
L3 


.838 
776 
!782 


-2,834.6 

2^ 694. 8 

-2,608.0 


-3,574.8 

3^534,2 

-3,554.2 


4L8 
4L8 
39.3 


642.6 
641 6 
654.2 


-.1059 
— 0903 
-.0888 


-. 1676 
— . 1412 
-. 1268 


.0010 
.0014 
.0014 


82L 
84L 
85L 


4.16 
4.62 
4.60 


L13 
L 13 
Lll 


L04 
LOS 
L04 


67.4 
68. 1 
69.4 


-7.5 
— 7. 4 
-7.6 


-87.0 
— 87.6 
-87.6 


66.9 
66. 7 
67.6 


.83 
. 60 
.64 


.888 
970 
'.932 


-2.41L3 

2, 842. 9 

-2,777.0 


-3,497.6 
—4, 109 3 
-3,829! 6 


266.8 
29L 6 
2716 


0 

o 

0 


-.0868 
— 1028 
-!0978 


-.1260 
— . 1487 
-. 1348 


.0098 
.0106 
.0098 


88L 
89L 
SOL 


3.14 
3. 18 
3.06 


L13 
L 15 
1.17 


.82 
.86 
.86 


63.4 
64.8 
62.2 


-B.7 
— 10. 1 
-8.1 


-84.8 
—86. 2 
-84.6 


76.2 
76. 0 
75.1 


2.1 
2. 0 
2.3 


.585 
686 
!669 


-899.3 
i 046. 8 
-864.2 


-2, 94a 6 

2, 914. 6 

-2,823.6 


-377.3 
37g_ 2 

-349.9 


664.2 
606 0 
677.6 


-.0285 
— 0291 
-!0247 


-. 1024 
— 0898 
-. 1028 


-.0107 
— . 0106 
-.0100 


SSL 
100L 
101L 


3.74 
3.46 
3.79 


L22 
L23 
L18 


L06 
L03 
L04 


eao 

66.7 
60.6 


-as 

— 7. 1 
-10.3 


-86.6 
— 84. 9 
-85.7 


68.0 
70. 7 
64.7 


L4 
L3 


.784 
686 
!821 


-L349.T) 
-L 403.1 


-3,436.0 

3^207 4 

-3,48218 


-2619 
— 210.8 
-2619 


0 
0 
0 


-.0409 
— 0307 
-!0640 


-.1271 
— . 1034 
-. 1340 


-.0096 
—.0068 
-.0102 


102L 
103L 
104L 


3.81 
3.83 
3.88 


L16 
L 18 
1.20 


L02 
L 04 
LOS 


62.5 
62. 6 
63.0 


-12.3 
— 12. 3 
-12.9 


-86.0 
— 80. 0 
-86.0 


65.3 
66. 7 
66.4 


L2 
L2 


.838 
848 
!S40 


-1,667.1 

2 729 8 

-L79218 


-3,448.1 
3^ 5gg_ i 

-3,489.6 


-288.1 
—284. 7 
-2818 


0 

o 

0 


-.0830 
—.0645 
-.0855 


-. 1302 
— 1329 
-.1279 


-.0108 
—.0110 
-. 0108 


105L 
106L 
107L 


3.48 
3.67 
3.60 


1.21 
L23 
1.23 


L01 
L 04 
L03 


66.9 
63. 0 
67.0 


-1L2 
— 10. 9 

-ia8 


-85.0 

— 04. 0 

-84.9 


7L2 
66. 1 
66.9 


L8 
L7 


.685 
.756 
!7S3 


-L256.7 
I 323 7 

-L32?!6 


-3,122.8 
—3,208.8 
-3,343.2 


-274.1 
—275. 1 
-288.7 


0 

o 

0 


-.0388 
— 0189 
-.0477 


-.0883 
—.1184 
-.1202 


-.0087 
— . 0102 
-.0104 


10SL 
109L 
110L 


4.04 
4.06 
3. 87 


L 15 
L.ll 
1. 10 


L04 
LOO 
. 88 


65.9 
65.6 
65. 7 


-9.6 
-9.8 
—8.8 


-88.6 

-s&7 

— 86. 9 


64.9 

66.6 
69. 2 


LO 
.84 


.872 
.853 
865 


-1,432.4 
-L491.2 
^ 7 


-3,424.8 
-3, 607. 1 
3 f 385.7 


-2113 
-224.5 
—1815 


0 
0 

o 


-.0667 
-.0542 
— . 0442 


-. 1310 
-.1374 
— . 1139 


-.0083 
-.0082 
—.0067 


1UL 
1I2L 
113L 


3.62 
3.78 
3.70 


L34 
L21 
1.23 


.96 
.88 
.88 


48.0 
66.1 
65.4 


.8 
-.8 
-L8 


-83.1 
-84.6 
-84.5 


69.7 
63.5 
65.9 


2.3 
L6 
L7 


.727 
.835 
.787 


-478.2 
-593.5 
-655.2 


—4,0112 
— 4.04L3 
-3,887.6 


-1417 
-1310 
-164.7 


0 
0 
0 


-.0158 
-.0238 
-.0243 


-. 1332 
-. 1618 
-. 1441 


-.0049 
-.0066 
-.0057 


118R 
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3.88 
4.22 
4.10 


L20 
1.24 
LIS 


LOO 
LU 
LOS 


ea 4 
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69.7 


12.6 
14.8 
12.8 


-841 
—86.1 
-88.2 


65.8 
62.1 
64.8 


LI 
LO 
LO 


.853 
.851 
.888 
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2,053.9 
L7416 


-1788.0 
-4,03L8 
-4,016.0 


342.3 
414.2 
370.7 


0 
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0 


.0631 
.0861 
.0670 


-. 1421 
-. 1688 
-. 1639 


.0123 
.0173 
.0142 


122R 
124R 
125R 


4.23 
4.37 
4.07 


L20 
L25 
L24 


L05 
LOS 
LOO 


58.8 
6S.8 
57.6 


12.1 
13.6 
1Z2 


-86.7 
-88.2 
-85.8 


76.9 
68.6 
68.8 


LO 
LO 
L2 


.768 
.882 
.816 


1,762.2 
2,085.6 
L682.2 


—4,374.2 
-4,644.2 
-4,2010 


376.0 
454.5 
392.6 


0 
0 
0 


.0480 
.0714 
.0558 


-. 1181 
-.1680 
-. 1387 


.0102 
.0166 
.0130 



